Seven residues from tropical fruit (acerola, cashew apple, guava, mango, papaya, pineapple, and sapota) processing were prospected for physicochemical parameters (pH, total soluble solids, water activity, reducing sugar, acidity, protein, moisture, ash, and lipids), functional compounds (total phenolic content, anthocyanins, ascorbic acid, and free radical scavenging activity-DPPH), fatty acid profile, and mineral content. Prospection of these industrial residues aimed its use as potential sources for food supplementation. Acerola residue was found to be a valuable source of anthocyanins, phenolics, and vitamin C; cashew apple residue could be a source of unsaturated fatty acids; pineapple and papaya residues could be used, respectively, as manganese and phosphorous source.
Introduction
Several industrial byproducts, which were previously considered food wastes, have now been used as food ingredients and are being used in multimixture formulas. Wheat bran has been considered a byproduct with high nutritional value given its high fiber content and it has been used in bread and breakfast cereals [1] . Rice bran is also being used as a food ingredient given its efficacy in the treatment of chronic diseases [2, 3] .
Byproducts such as fruit wastes (bagasse, peel, and seeds) can also be potential ingredients in food formulations or raw matter for the extraction of bioactive compounds (phenolics, carotenoids, essential oils, and vitamins), minerals, and antimicrobial agents [4] [5] [6] . Studies carried out by Gupta et al. [7] on fruit residues have verified the presence of saturated and unsaturated free fatty acids and minerals (mainly Ca, K, Mg, Na, and P) that can be important in food supplements. The presence of phenolic compounds and antioxidants on fruit residues has been reported by many researchers [8, 9] .
The residues from fruit juice industries can account for up to 60% of the fruit mass and it is a concern in the industry to aggregate value to fruit residues [10, 11] . Fruit and vegetable wastes and byproducts are often discarded at the expense of the manufacturer. Use of these wastes as a source of vitamins, carotenoids, polyphenols, and minerals may be of considerable economic benefit to food processors. In this paper, we have studied the potential of seven tropical fruits residues to be used as food supplement or to be used in extraction processes.
The fruits selected for this study were acerola (Malpighia glabra L.), guava (Psidium guajava L.), papaya (Carica papaya L.), sapota (Achras sapota L.), cashew apple (Anacardium occidentale L.), pineapple (Ananas comosus L.), and mango (Mangifera indica L.). All these fruits are processed by the industry to produce juices, jams, sauces, sweets, and several other products.
Vitamin C, carotenoids, vitamin E, and phenolic compounds are the most widespread antioxidants in the plant kingdom, where vitamin C and phenolics are the most abundant. Vitamin C is particularly abundant in raw acerola, guava, and cashew apple. Common carotenoids (xanthophylls and carotenes) have been identified in raw cashew apple, guava, and papaya [12, 13] .
Phenolics represent a large group of metabolites, which consist of one or more aromatic rings with variable degrees of methoxylation, hydroxylation, and glycosylation, giving color, astringency, and bitterness to fruits. It has been shown that acerola and sapota have phytochemicals such as anthocyanins and nonanthocyanin phenolic compounds [14] [15] [16] with antioxidant and antimicrobial activity.
The incorporation of fruit industry wastes into the production of high quality special oils from fruit seeds and peel can increase the market of special oils. The search for new waste materials that provide oils of lipid profile that is similar to those from traditionally consumed oils, and which are also alternative sources of phytosterols and phenolic compounds, is important [16] . In this context, some work has been already done in studying the oil profile of grape, melon, passion fruit, pumpkin, soursop, and tomato [17] [18] [19] [20] .
In this paper, we have focused on studying the physicochemical parameters (pH, total soluble solids, water activity, reducing sugar, acidity, protein, moisture, ash, and lipids), functional compounds (total phenolic content, anthocyanins, ascorbic acid, and free radical scavenging activity-DPPH), fatty acid profile, and mineral content of these seven fruit wastes.
Material and Methods

Samples.
Fruit residues were obtained from a fruit pulp processing industry located in Fortaleza, Ceará, Brazil. Seeds and peels of acerola (Malpighia glabra L.), guava (Psidium guajava L.), papaya (Carica papaya L.), sapota (Achras sapota L.), cashew apple bagasse (Anacardium occidentale L.), pineapple (Ananas comosus L.), and mango (Mangifera indica L.) were used in this study. The residues were cut into small pieces, spread on perforated trays, and dried in a hot-air oven at 60 ∘ C until complete drying (24 h). The dried samples were grinded to a fine powder (<180 m) [21] .
Ethanolic Extracts Preparation.
Ethanolic extracts of the fruit residues were produced using 20 g of fruit residues and 150 mL of ethanol. The mixture extraction was carried out in a Soxhlet apparatus operating at 60 ∘ C for 6 hours. After the extraction process, the mixture was filtered through number 1 Whatman filter paper. The solvent was evaporated under reduce pressure (100 mmHg) using a rotary evaporator (Buchi model R-114) operating at 50 ∘ C.
Physical-Chemical
Characterization of the Residues. Soluble solids were measured at 20 ∘ C using a digital refractometer (Atago) and expressed as ∘ Brix. Titratable acidity was measured according to the AOAC (1995) and the pH values were determined by direct reading in potentiometer (WTW model 330i/SET). Ash content was determined by mineralization of the samples at 450 ∘ C (AOAC, 1995). Moisture content and lipid content were determined following the analytical procedure described by AOAC (1995). The total reducing sugars were quantified by the DNS (3,5-dinitrosalicylic) acid method, according to Miller [22] . Water activity was determined using a digital hygrometer Aqualab Model 3TE (Decagon Devices, USA) and protein content was determined according to methodology described by Bradford [23] . References values for the edible portion of the fruit were compared to the data present in the nutrient database of the United States Department of Agriculture [24] .
Determination of Fatty Acids
Profile. The extracted lipids were subjected methylation according to the methodology described by Hartman and Lago [25] . The methyl ester content was assayed by gas chromatography in a Thermo Ultra chromatograph provided with a flame ionization detector (FID), using a silica capillary column of 30 m length and 0.25 mm inner diameter, packed with polyethylene glycol (0.25 m film thickness). Solution of methyl esters (1 L) in hexane containing approximately 1% esters was injected under the following conditions: the carrier gas was helium at a flow rate of 2 mL/min. The injector and detector temperatures were 250 ∘ C. Oven temperature started at 50 ∘ C for 1 min, increased at 250 ∘ C at a rate of 5 ∘ C/min, and held for 10 min. The identification of compounds was done by comparing the retention time of methyl ester standards.
Total Phenolic Content (TPC).
The fruit-based residue was mixed with 50% methanol, homogenized, and centrifuged (10,000 rpm for 30 min). The filtrate and the supernatant were collected. Acetone was added 70% (leaving it to stand for 1 hour), and the samples were centrifuged under the same conditions. The supernatant was filtered and used for quantification of total phenolic compounds according to the spectrophotometric method of Folin-Ciocateau described by Singleton et al. [26] , using gallic acid (Vetec, CA) as standard. The absorbance was measured in a spectrophotometer (Spectrum, UV model SP-2000) at 700 nm and the results were expressed in mg of gallic acid equivalents (mg GAE/100 g).
Total Anthocyanins.
A sample of fruit residue (1 g) was mixed with 50 mL of an ethanol-HCl solution (70 mL ethanol 70% and 30 mL HCl 0.1%). The mixture was poured into an amber volumetric balloon and kept under refrigeration for 12 hours. After this period the absorbance of the solution was read in a spectrophotometer (Spectrum, model SP-2000 UV), adjusted at 535 nm. The ethanol-HCl solution was used as blank. Total anthocyanin content was expressed in mg/100 g of sample [27] .
Ascorbic Acid.
A sample of fruit residue (0.5 g) was added to an Erlenmeyer with 50 mL of oxalic acid (0.5%). Titration with standardized 2,6-dichlorophenolindophenol sodium was carried out until persistent pink color occurred, according to the method described by Cox and Pearson [28] .
Scavenging Activity against 1,1-Diphenyl-2-picrylhydrazyl (DPPH).
The diluted sample extract (0.1 mL) was mixed with 3.9 mL of methanolic solution containing DPPH radicals 
The reduction of the DPPH radical was measured by monitoring continuously the decrease of absorption at 515 nm. The scavenging percentage of DPPH radical was calculated according to the following formula:
where ADPPH is the absorbance of the DPPH solution and As is the absorbance of the mixture containing the methanolic extract and DPPH solution.
Mineral Content.
All measurements were carried out using a simultaneous inductively coupled plasma optical emission spectrometer (ICP-OES) with axial and radial views (Optima 4300 Series, Perkin Elmer, USA). Acid digestions were prepared by using a microwave oven equipped with a rotor for six quartz vessels (Multiwave, Anton Paar, Graz, Austria). Samples of 0.2 g were weighed, mixed with 2.0 mL of H 2 O 2 and 3.0 mL of HNO 3 , and transferred to quartz vessels. The digestion heating program consisted of the following three steps: 5 min at 100-500 W of power; 15 min at 800 W of power; cooling at maximum air flow rate for 15 min to cool down the vessels to room temperature. After cooling, 20 mL of ultrapure water was added to dilute the content of the vessels. Blanks were treated the same way but without adding the fruit residue samples. Three replicated measurements were performed for these experiments. Minerals content was calculated based on calibration curves made from standard solutions of the minerals (Acros Organics, Geel, Belgium).
Results and Discussion
The mean and standard deviations of the physical-chemical parameters found for fruit residues are presented in Table 1 .
The table also presents reference values for the physicalchemical parameters for the edible portion of the fruit. Fruit residues have low content of crude protein, lipid, and ash, being the main compounds of the reducing sugars. Exceptions were sapota residue that presented high lipid and protein content and papaya residue that presented high protein content.
All residues presented water activity lower than 0.42. Thus, the residues are not conducive to microbial growth, since water activities below 0.6 will not allow the growth of microorganisms or the production of toxins [29] . As such, the residue could be stored as it is for further processing without compromising it.
In this study, the pH ranged from 3.45 (acerola residue) to 5.42 (sapodilla residue). Generally, only food with pH equal to or lower than 4.6 is considered acidic food because it limits the growth of the extremely dangerous microorganism Clostridium botulinum [30] . Under this point of view, the residues of acerola, papaya, cashew apple, pineapple, and mango could be considered acidic. The residues of guava and sapota would have to be artificially acidified to lower their pH to levels below or equal to 4.6. The results obtained herein were similar to the results found by Mercali et al. [31] for acerola pulp.
For the acidity parameter, measured in g/100 g of citric acid, it was observed that all samples of fruit residues showed significant differences between them, ranging from 0.53 g/100 g (guava residue) to 4.15 g/100 g (papaya residue). Cvetković et al. [32] in their study with dried fruits, typical of Serbia, found levels of total acidity of 0.8, 1.30, 1.34, and 1.90 g/100 g for apricot, cranberry, wild apple, and rose hip, respectively.
Usually, fruits are rich in sugars (glucose and fructose), whose determination is important to evaluate the potential of these residues as raw matter also for fermentation. A c e r o l a C a s h e wa p p l e G u a v a M a n g o P a p a y a P i n e a p p l e S a p o t a C14:0 myristic acid The results showed that lowest concentration observed was found for guava residue and the highest value for papaya residue (3.68 g/L and 44.81 g/L, resp.). Given the amount of sugars, cashew apple, papaya, mango, and pineapple residues would be suitable for fermentation purposes. On the other hand, guava residue would be suitable as low sugar food supplement. Cvetković et al. [32] also found a wide variation of this parameter in their study, finding values of 9.72, 16.50, 23.23, and 61.21% for the following dried fruits: rose hip, wild apple, apricot, and cranberry, respectively. In comparison to the edible portion of the fruit, the residues have presented a lower amount of sugars (between 10 to 50% of the total sugar of the edible portion of the fruit).
Only the samples of sapota and papaya residues showed high content of protein, probably due to high percentage of seeds and their composition. The types of colloidal macromolecules found in seeds often are hydrophilic and have a large number of ionic groups, such as proteins. However, in this study, protein was not detected in the other residues with seeds, for example, acerola. The edible portion of the fruits did not present high amounts of protein and, in comparison, most residues have presented even lower amount of proteins, except for papaya and sapota. The results show that most of the proteins from papaya and sapota are placed in the residue portion.
An important parameter in a fruit or vegetable powder extract is its lipid content [33] . Guava and sapota residues have presented high amounts of lipid content, which were higher than that reported for banana fibers (5.8 g/100 g dry sample) or grapefruit dietary fiber (3.2 g/100 g dry sample) [34, 35] . The results show that the amount of lipids in the residues is much higher (up to 10x higher) than the amount in the edible portion of the fruit. As such, the residues are a good source of lipids in comparison to the edible portion of the fruit. Table 2 presents the fatty acids composition of the seven fruit residues. The fatty acids profile of the residues showed mainly the presence of palmitic and oleic acids, which are common in fruits seeds and peels. Only acerola presented high concentration of linoleic acid.
According to Morales-de la Peña et al. [36] , the consumption of monounsaturated fatty acids (MUFA), especially oleic acid ( -9), has been shown to decrease plasma triacylglycerol and cholesterol concentrations in healthy normolipidemic subjects. In this aspect the use of cashew apple, papaya, and pineapple extracts may be indicated. Polyunsaturated fatty acids (PUFA), such as linoleic ( -6) and linolenic acids ( -3), contribute to the prevention of atherosclerosis, cancer, heart diseases, and diabetes [37] . Under this viewpoint, the use of acerola extracts may be indicated.
Products such as milk, whose fat contains more than 70% of saturated fatty acids, can be supplemented with unsaturated fatty acids to enhance its nutritional value [38] .
The use of fruit residues in food products or supplements is largely determined by their functionality, which depends on physicochemical properties and by food processing; however, their impact on sensory characteristics of food must be considered [39] . The results of the determinations of functional properties in the extracts of fruits residues are presented in Table 3 .
There was significant difference in the total phenolic content (TPC), anthocyanins, and ascorbic acid among the extracts studied herein. Acerola residue showed the highest TPC, anthocyanins and ascorbic acid, which was expected given the high amounts of phenolics, anthocyanins, and ascorbic acid in the fruit. This result shows that fruit residues retain high concentrations of these compounds. In comparison to the edible portion of the fruit, the residues have presented a lower amount of total phenolics. However, it is important to mention that the total phenolic content in the residues is still high, especially for acerola, mango, and papaya residues. The total phenolic content in acerola residues is higher than the amount of phenolics present in the edible portion of all the other fruits studied herein. Thus, acerola residue can be considered an important source of phenolics and should be used in food supplements.
Appreciable amounts of anthocyanin were found in acerola extract (60.83 mg/100 g), which also has contributed to the high antioxidant property of this residue. High concentrations of antioxidants have been reported previously by several authors in residues of grape, passion fruit, banana, tangerine, and lychee [5, 8, 9, 19, 40] , but acerola residue showed higher antioxidant capacity.
Anthocyanins were found in higher amounts in the residues of acerola, guava, papaya, pineapple, and sapota than in the edible portion of the fruit. The results show that most of the anthocyanins are found in the peels of the fruit and processing them to extract these anthocyanins can be of commercial interest.
Many fruits are regarded as good source of ascorbic acid, commonly known as vitamin C. The content of this vitamin in the extracts was generally high for all fruit residues; however, the highest amounts were found in acerola residue. The amount of vitamin C found in some residues was higher than that in the edible portion of the fruit thus showing the nutritional value of the peels that could be used in the production of vitamin C. The vitamin C content in acerola residues was higher than the amount present in the edible portion of all the other fruits studied herein. Thus, acerola residue can be also considered an important source of vitamin C and should be used in food supplements. The results obtained herein for TPC and antioxidant activity were higher than the values found for wheat flour residue, which is commonly used in food supplements [41, 42] . Table 4 shows the correlation between the total phenolic content (TPC), total anthocyanins, and ascorbic acid in relation to the antioxidant activity in the samples. A Pearson's correlation close to 1 indicates a positive relationship between and . A correlation close to −1 indicates a negative relationship. A correlation close to 0 indicates the absence of relationship between the two variables. Values between 0.90 and 1 were considered a very strong positive correlation and between 0.6 and 0.9 were considered strong [43] . The levels of total phenolic compounds (TPC) had significant and strong correlation ( = 0.73, < 0.05) for the antioxidant activity and total anthocyanins ( = 0.70, < 0.05). Gardner et al. [44] also found strong correlation for phenolic compounds ( = 0.97) in non-citrus fruit juices. Given the correlation values, the TPC of the fruit residues could be considered the main contributors to the antioxidant activity of these products.
The mineral composition in the fruit residues is presented in Table 5 . Results have shown that the most abundant mineral in the fruit residues was potassium, followed by phosphorus, calcium, and magnesium. Given the very low concentrations, almost none of the fruit residues could be used to supplement manganese, zinc, and iron. The amount of minerals present in the residues was, in general, much higher than the amount found in the edible portion of the fruit. The only exceptions were the amount of iron in cashew apple and the amount of sodium in sapota. This result shows the potential of these fruit residues as mineral supplements. Table 6 presents the recommended daily intake of minerals and the contribution of a portion of 10 g of each fruit residue to the recommended daily intake for man and woman. Pineapple residue may be a remarkable source of manganese since only 10 g of the dried residue can contribute to more than 100% of the RDI for man and 92% of the RDI for woman.
Mango and cashew apple residues can also be considered good sources of manganese, since they could contribute to more than 10% of the RDI of manganese (for a portion of 10 g of dried residue used as food supplement). Papaya could be used as a source for phosphorus, since a portion of 10 g of dried residue would also contribute to more than 10% of the RDI.
All residues have presented very low amounts of sodium. This was an important result because sodium contributes greatly to hypertension and aggravates other heart conditions [45] .
Conclusions
Some fruit residues, such as acerola, pineapple, cashew apple, mango, and papaya residues, could be used as food 0.01 ± 0.00 Values for the edible portion of the fruit (without residues) Acerola 0.12 ± 0.01 0.00 ± 0.00 1.46 ± 0.15 0.02 ± 0.00 0.00 ± 0.00 0.07 ± 0.01 0.11 ± 0.01 0.00 ± 0.00 Cashew apple 0.08 ± 0.01 0.13 ± 0.01 3.34 ± 0.33 0.03 ± 0.00 0.00 ± 0.00 0.20 ± 0.02 0.44 ± 0.04 0.02 ± 0.00 Guava 0.18 ± 0.02 0.00 ± 0.00 4.17 ± 0.42 0.02 ± 0.00 0.00 ± 0.00 0.02 ± 0.00 0.40 ± 0.04 0.00 ± 0.00 Mango 0.11 ± 0.01 0.00 ± 0.00 1.68 ± 0.17 0.01 ± 0.00 0.00 ± 0.00 0.01 ± 0.00 0.14 ± 0.01 0.00 ± 0.00 Papaya 0.20 ± 0.02 0.00 ± 0.00 1.82 ± 0.18 0.02 ± 0.00 0.00 ± 0.00 0.08 ± 0.01 0.10 ± 0.01 0.00 ± 0.00 Pineapple 0.13 ± 0.01 0.00 ± 0.00 1.09 ± 0.11 0.01 ± 0.00 0.01 ± 0.00 0.01 ± 0.00 0.08 ± 0.01 0.00 ± 0.00 Sapota 0.21 ± 0.02 0.01 ± 0.00 1.93 ± 0.20 0.01 ± 0.00 0.00 ± 0.00 1.20 ± 0.12 0.12 ± 0.01 0.00 ± 0.00 Table 6 : Recommended daily intake (RDI) of minerals: the contribution (%) of a portion of 10 g of each fruit residue to the recommended daily intake for man and woman. supplements. These residues are rich in some nutritional compounds that may highly contribute towards the recommended daily intake of the compound. Among all residues, acerola residue showed to present very high concentration of antioxidants, making this residue potential high value subproduct. Acerola residue was found to be a valuable source of anthocyanins, phenolics, and vitamin C; cashew apple residue could be a source of unsaturated fatty acids; pineapple and papaya residues could be used, respectively, as manganese and phosphorous source.
